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Therefore, we analyzed changes in structures as well as processes and patient outcomes within the TEMPiS network for a 10-year period regarding our aim of providing evidencebased acute care for all patients with stroke within the network area.
Methods
TEMPiS comprises 2 neurological stroke centers and 15 regional hospitals in Southeast Bavaria/Germany (Figure 1 ). Detailed descriptions of the concept were published previously. 8 None of the regional hospitals had a Stroke Unit before network start in 2003. Local stroke care is provided by internal medicine departments in 11 hospitals and by neurological departments in 4 hospitals. The concept requires a neurologist on site at least during working days (part or full time). In the remaining times, the 11 hospitals without neurological departments have access to neurological expertise via telemedicine only. The 4 hospitals with neurological departments use the teleconsultation service for second opinion and organization of emergency interhospital transports.
The core elements of TEMPiS are as follows:
1. Implementation of a TeleStroke Unit in each hospital with formation of a multidisciplinary stroke team and implementation of standardized stroke care protocols. Intravenous thrombolysis (IVT) is provided as a 24/7 service with IVT routinely delivered in regional hospitals. The size of TeleStroke Units is planned to cover a volume of ≥250 patients with stroke and transient ischemic attack (TIA) per year. 2. Continuing training for all stroke team members provided by a multidisciplinary education team provided by the 2 stroke centers. The comprehensive quality management system also comprises audits, compulsory participation in the Bavarian stroke registry and the TEMPiS IVT registry, benchmarking, and certification procedures. 3. Implementation of telemedicine for 24/7 availability of acute neurological stroke expertise. Telemedicine comprises a telephone contact between the on-site physician and the vascular neurologist at the stroke center, transmission of digital brain images to the vascular neurologist (forwarded to a neuroradiologist/neurosurgeon if indicated) and, on request of the vascular neurologist, a real-time clinical examination of patients via videoconferencing. The teleconsultation team based in the stroke centers consists of 5 to 7 full-time vascular neurologists who must not be in charge of other clinical tasks during their teleconsultation shift. Teleconsultations are always performed as a physician-to-physician communication.
The system runs on dedicated stationary and mobile workstations also allowing consultations from home. Mandatory indications for teleneurological assessment were predefined. They include eligibility for IVT, decreased consciousness, brain stem symptoms, intracranial hemorrhage, severe stroke (National Institute of Health Stroke Scale score >12), and progressive stroke. A telemedical follow-up can be requested at any time of the in-hospital stay. Written summaries are sent electronically to the enquiring hospital shortly after finishing teleconsultations.
Geographical Selection of Regional Hospitals
At network implementation, the target area in Southeast Bavaria comprised 16 administrative districts with 1.90 million inhabitants covering an area of 14 538 km 2 ( Figure 1 ). 10 To enable IVT administration for all suitable patients, we aimed at prehospital transport distances of no longer than 30 minutes. This approach resulted in 12 TeleStroke Units with ≥250 strokes per year. By the end of 2012, 3 additional hospitals within 3 new administrative districts entered the network. The coverage rose to 2.28 million inhabitants and 17 887 km 2 resulting in a population density of 127 inhabitants/ km 2 . 10 Another hospital with a high stroke volume was member from 2006 until 2011 but then left the network to run an autonomous neurological Stroke Unit (data not included in analyses).
Data Collection
All data for this 10-year analysis refer to the TEMPiS TeleStroke Unit hospitals; data from the 2 centers are not included. Data were collected from several sources: data from the general local health insurance (AOK), routine data for administrative purposes, data of the TEMPiS teleconsultation, and IVT registries and the Bavarian stroke registry.
Health Insurance Data
The AOK is the largest health insurance in Bavaria with a market share of ≈40% and provided data to assess the trend in proportions of patients with stroke treated in hospitals with specialized stroke care. Because we wanted to demonstrate the effect of our network in rural areas, we restricted this analysis to the rural TEMPiS region ( Figure 1 ) excluding therefore 1 regional hospital in the city of Munich (Pasing). Annual numbers of AOK-insured patients with stroke and TIA admitted to acute hospitals with a (Tele-) Stroke Unit (regardless of TEMPiS participation) were compared with all AOK-insured patients with stroke and TIA living in this region.
Routine Data
The financial departments of the regional hospitals provided numbers of stroke and TIA admissions per year that were collected for administrative purposes. Cases with hospital main diagnoses ischemic, hemorrhagic, and undefined stroke and TIA (International Classification of Diseases, Tenth Revision codes G45, I61, I63, and I64) were included. 
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TEMPiS IVT Registry
All TeleStroke Units use a uniform IVT protocol for documentation of times (onset, admission, and treatment), National Institute of Health Stroke Scale, and formal contraindications. All protocols are sent to the network coordination center for plausibility checks before entering the data into the registry. Completeness of protocols is ascertained by random samples taken by the network coordinator and comparison with the teleconsultation registry and the Bavarian stroke registry. If onset of stroke symptoms was not observed, the last-time-seen-well was defined as onset. Inhospital strokes were excluded from analyses of timelines. Data from 2006 to 2008 were not collected and are therefore not included in the analyses. IVT rates are expressed as number of IVT compared with number of ischemic strokes (ISs) admitted to the hospitals.
Bavarian Stroke Registry
All patients with stroke and TIA of the participating hospitals were prospectively registered using anonymized data sets. The annual documentation rate compared with routine data has continuously been >95% since 2008, but lacked some completeness until 2007 (62.9%-87.1%). The data set covers information on baseline characteristics of patients with index stroke, diagnostics, treatment, and outcome. The data sets are checked for plausibility by the Bavarian Working Group for Quality Management in Inpatient Health Care. Evidence-based stroke quality (for definitions, see Table I in the online-only Data Supplement) is assessed, and target values for Stroke Units are used according to the independent German Quality Indicator Board.
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Statistical Analysis
The Mann-Whitney U test was used to test differences in continuous variables, and the χ 2 test was used for those in proportions. Data are presented by year for demonstrating trends over time. We calculated the P for trend adjusted for age and sex by adding year of admission as continuous variable with the respective indicator as outcome to a logistic regression model for categorical and a generalized linear model for continuous variables. All tests were 2 tailed, and statistical significance was determined at an α-level of 0.05. Analyses were performed on IBM SPSS Statistics 22 and SAS 9.2.
Ethics
The TEMPiS teleconsultation and IVT registries have been approved by the institutional review board in Munich. Basis for the Bavarian stroke registry is a German law ( §137 SGB V). According to German legislation, no patient consent is required for documentation in routine observational quality registries. Retrospective analysis of anonymized health insurance data was approved by the data protection officer of the AOK.
Results
Impact of the Network on the Regional System of Stroke Care
The 
Quality of Stroke Care
The Data from the Bavarian stroke registry about diagnostics, treatment, and outcome procedures for the 10-year period are presented in Table II in the online-only Data Supplement. Most parameters show clear improvement over time, whereas length of in-hospital stay decreased. Seven-day in-hospital mortality in all patients with IS has decreased from 5.0% (74/1469) in 2003 to 3.1% (145/4618) in 2012, whereas 7-day mortality after IVT remained stable (mean, 6.3%; P for trend=0.122). Table III 
Discussion
The main findings of 10-year experience of TEMPiS showed that this type of telemedical Stroke Unit network is sustaining, offers state-of-the-art acute stroke care by increasing access to Stroke Units and improving thrombolysis service, and is associated with long-term improvement in terms of quality indicators of acute hospital care.
Many TeleStroke networks were established during the past few years worldwide. In contrast to most other networks with a focus on telemedicine-enabled stroke thrombolysis or referral to tertiary hospitals, 12, 13 TEMPiS integrates the Stroke Unit concept in regional hospitals.
According to local health insurance data, the proportion of patients with stroke and TIA being admitted to a hospital with a dedicated Stroke Unit increased from 19% to 78% in the source population. Apart from establishing the new TeleStroke Units, many efforts have been made to convince the population, ambulance services, and primary care physicians about the better prognosis of patients with stroke treated in a Stroke Unit. This strategy was reinforced by the positive result of the TEMPiS efficacy analysis. 8 However, a Stroke Unit admission rate of 78% does still not appear satisfactory because the goal should be close to 100%. In Germany, emergency medical services are usually organized within administrative districts and seem to be less inclined to bring patients to a TeleStroke Unit of the adjacent district even if it could be reached within 30 minutes. This has led to a change of our strategy. In consensus with health authorities, in 2013, we started to set up further TeleStroke Units in administrative districts so far lacking a (Tele-)Stroke Unit. Despite the primary focus on Stroke Unit care, the IVT rate from all patients with IS admitted to TEMPiS hospitals rose from 0.4% to 15.5%, reflecting a high rate compared with other systems of care.
14 Although IVT rates in TeleStroke networks are usually reported as tissue-type plasminogen activator rates of teleconsultations only, we could not find any comparable published IVT rate (IVT per IS) other than the 9.6% reported from Spain. 15 During the 10 years, onset-to-treatment times and door-to-needle times decreased remarkably. Eighty percent of all IVT in the TEMPiS Stroke Units are delivered within 60 minutes of admission, thus being clearly beyond the target of the American Stroke Association of 50%.
Decrease of secondary transfers is mainly attributable to more careful recommendations regarding surgical treatment in hemorrhagic strokes and improved local stroke care. The increase in patients with minor stroke may also contribute.
Costs for regional hospitals and centers in our TeleStroke Unit concept are substantial and need adequate reimbursement. In 2002, health policy authorities decided to support telemedicine networks. When the controlled study showed that the TEMPiS concept was both improving clinical outcomes and cost effective when compared with conventional care (higher costs during acute care were fully compensated by lower rehabilitation and long-term care costs), 16 ongoing support by health insurances covering the teleconsultation service and the quality management program was decided in 2006. Meanwhile, the running costs of the TeleStroke Units for the regional hospitals are reimbursed within the German diagnosis related groups system. Teleconsultants are employed by the network and paid according to German tariffs. However, cost-effectiveness is only given, if numbers of patients with stroke and TIA per hospital and the number of teleconsultations exceed critical limits. Use of mobile (laptops or tablet) devices for teleconsultants may reduce costs and may enable networks with lower numbers of teleconsultations, 17 especially beyond normal working hours. 18 Participation in such a comprehensive network requires ongoing motivation. In our opinion, the most important incentives include the everyday experience of obtaining fast and clinically relevant recommendations and the conviction in the regional hospitals that participation in the network is beneficial for patients and hospitals alike. Patients benefit from improved outcome. 8, 9 Hospitals experience the advantages of specialization in treatment of one of the most frequent and devastating diseases.
The study has limitations. Because of nonmodifiable regional structures, the transfer of our concept to other rural regions meets limitations. The population density in the rural TEMPiS area of 127 inhabitants/km 2 19, 20 Our single-network data represent prospectively collected registry data, routine data, and data of 1 health insurance. Therefore, selection and coding biases as well as data collection errors cannot be excluded. However, cross-checking of the data between different sources ensured plausibility. Documentation rate for the Bavarian stroke registry compared with routine data lacked some completeness in the years 2003 to 2007 but improved in more recent years. A control group is lacking. We are therefore not able to separate network effects from general improvements of stroke care over time in the past decade.
The analysis of secondary transfers is based on the recommendations of physicians providing teleconsultation services. In some cases, transfers may not have been carried out and some patients may have been transferred against recommendation of a teleconsultation. The presented proportion of patients treated in a hospital with a (Tele-)Stroke Unit in relation to all hospitalized patients with stroke and TIA living in the TEMPiS region might have several biases. First, the analysis is restricted to patients of 1 health insurance. Although the AOK is the largest health insurance in Bavaria with a proportion of ≈40%, this may produce a selection bias. Second, all patients with stroke and TIA registered in the TEMPiS region are included but not all of them may have experienced their stroke while staying in this area. Third, to be treated in a hospital with a Stroke Unit does not inevitably mean to be treated in a Stroke Unit. A minority may have been treated on other wards for comorbidities or complications (eg, intensive care units), but each TEMPiS hospital has medical and financial incentives to treat patients with stroke preferably on their TeleStroke Unit.
Conclusions
The TeleStroke Unit network TEMPiS is an example of how the challenges of area-wide implementation of Stroke Units in rural areas can be met. Although network structures have to be adapted to regional features, for example, population densities, geographical and administrative borders, and hospital infrastructures, we think that many of the experiences gained in the TEMPiS concept might be used as a role model for other rural areas.
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